Introduction
In the past few decades, the local isometric embedding of general relativistic Riemannian manifolds in pseudo-Euclidean space of dimension m ≥ 4 has drawn attention of many researchers. Schlai (1871) first addressed the embedding problem on geometrically significant spacetimes. Later on Nash (1956) presented the isometric embedding theorem. Interestingly, the unification of gravity with the particle interactions can be achieved by embedding 4-dimensional EFE of general relativity (GR) into a higher dimensional space, like Kaluza-Klein model (Kaluza, 1921; Klein, 1926) . Recently Tavakol and coworkers (Tavakol et al., 1995 (Tavakol et al., , 1996 (Tavakol et al., , 1997 by employing Campbell's theorem (Campbell, 1926) have presented a relation between manifolds which differs by one dimension like a ladder. The lower end of the ladder represents the embedding of 4D Einstein equations into the 5D Ricci-flat equations by setting the Ricci tensor to zero. In particular, 5th-dimension is the simplest extension of the spacetime. Also, the fifth dimension is considered as the low-energy limit of higher dimensional theories of particles, viz., 11D supergravity, 10D supersymmetry and higher-D versions of string theory, etc.
Schläfli (1871) conjectured that the neighborhood in a n-dimensional manifold requires an embedding space of m [= n(n + 1)/2] dimensional pseudo-Euclidean space. It is referred as class m if n-dimensional Riemannian space is embedded into lowest n + m dimensional space. The embedding class of the spherically symmetric and plane symmetric spacetime are 2 and 3 respectively, whereas the Standard Model of modern cosmology, i.e., the Friedmann-Lemaitre-Robertson-Walker spacetime (Friedmann, 1922; Lemaitre, 1933; Robertson, 1933; Walker, 1937 ) and the interior Schwarzschild solution is of embedding class 1. On the other hand, the Schwarzschild (1937) exterior solution is of embedding class 2 and the embedding class of the Kerr metric is 5 (Kuzeev, 1980) . In the present study we are concerned with the embedding spherically symmetric static metric into the 5-D Euclidean space, i.e, embedding class 1 metric.
In the framework of GR the effect of anisotropy on the spherically symmetric stellar objects have been studied explicitly in literature (vide review of Herrera and Santos (1997) , and also Mak and Harko (2002) and references therein). Existence of superfulid, phase transition, the presence of the magnetic field or external field, rotational motion, the presence of fluids of different types, etc. are the reasons for the anisotropy in a relativistic stellar system. In the present study of the relativistic stellar body, as the system is static, hence the anisotropic stress may be originated due to the presence of anisotropic fluid or the elastic nature of the super fluid or presence of the superfluid. In this line several works (Bowers and Liang, 1974 Ruderman (1972) in his pioneer work on the astrophysical anisotropy predicted that in the high density (> 10 15 gm/cm 3 ) nuclear matter interacts relativistically and exhibits anisotropy as the inherent property. Bowers and Liang (1974) argued that in the presence of complex strong interactions superfluidity and superconductivity are the reasons for anisotropy inside the superdense matter. Note that raise of anisotropy in the pressure components is relevant for the diverse situations, such as when the radial part of the pressure, p r (r), is different from the angular part, p θ (r) = p φ (r) ≡ p t (r), it is defined as anisotropic pressure, where p θ (r) = p φ (r) and both of the components are functions of the radial coordinate as a direct consequence of spherical symmetry. In a physical system, the pressure is anisotropic when the scalar field has non-zero spatial gradient. Also, the origin of local anisotropy in self gravitating system and its effects on the system are studied in detail by Herrera and Santos (1997) . Later, many authors have investigated effect of the local anisotropy on the spherically symmetric static body (Ivanov, The concept of parallelism, an equivalent formation of GR, is receiving attention for the past few years as an alternative theory of gravity and well known as the teleparallel equivalent of GR (TEGR) (Möller, 1961; Pellegrini and Plebanski, 1963; Hayashi and Shirafuji, 1979) . The idea behind this formalism is the consideration of more general manifold which consider besides the curvature a quantity called torsion. Fiorini (2007, 2008) in their work studied the modifications of TEGR in the context of cosmology which is known as f (T ) gravity theory. The appealing part of f (T ) gravity is that its field equations are of second order unlike f (R) gravity and it is constructed with a generalized Lagrangian (Bengochea and Ferraro, 2009; .
In the field of cosmology, whether theoretical or observational investigations, several researchers successfully used the f (T ) gravity in their study (Wu and In the present article we have tried to investigate compact stellar system under the embedding class 1 metric in the framework of f (T ) gravity by exploiting the results presented by Böhmer et al. (2011) . We demonstrated our calculations considering, specifically the following three stars LM C X − 4, Cen X − 3 and SM C X − 1, as the representative of compact stars with the suitable choice of the parametric values of n. Against the above background we execute our work in the following scheme: the basic mathematical formulations of f (T ) gravity are shown in Sec. 2. The EFE under f (T ) gravity have been provided in Sec. 3. In Sec. 4 class one condition is implemented and the general solutions are achieved. The constants are determined in Sect. 5 with the help of boundary conditions. Some of the physical features of the model, especially the energy conditions and stability of the stellar system are studied in Sec. 6. In Sec. 7 we investigate the compactification factor and the redshift of the compact star and finally we have concluded our study through the tabular presentation of the important results and discuss the physical validity in Sec. 8.
Basic mathematical formalism using f (T ) gravity
For the basic formulation of f (T ) gravity Böhmer et al. (2011) have used some Greek and Latin indices correspond to the spacetime coordinates and tetrad fields, respectively. Following them the metric for the spacetime can be written as
Use of the tetrad matrix can transform the above metric to Minkowskian as
where
= e is the root of the metric determinant. Now for the vanishing Riemann tensor part and non-vanishing torsion term the Weitzenbock's connection components are
So the torsion and the cotorsion are given as
Also the tensor S µν α can be written as
Using torsion and cotorsion the torsion scalar is provided as
The action for f (T ) gravity is defined as (using natural units G = c = 1)
where the L M atter (Φ A ) corresponds to the matter field and f (T ) represents any arbitrary analytic function of T . If one vary the above action with respect to tetrad, one have field equations due to f (T ) gravity as Dent et al.
where T ν µ is the energy-momentum tensor for anisotropic fluid given as T
where v µ and u µ are the 4-radial vectors and 4-velocity vectors, respectively whereas p r and p t are the radial and tangential pressures, respectively.
Basic field equations
The interior spacetime of the compact star is assumed to be static and spherically symmetric and the line element can be described by the Schwarzschild metric as
Let us introduce the tetrad matrix for the metric (12) as follows:
Now using Eq. (13), we have e = det[e (8), the torsion scalar and its derivative can be derived in terms of r as
T (r) = 2e
where prime denotes derivative with respect to r. Now substituting the above tetrad field (13) and inserting the values of torsion scalar and its derivative one can find out the Einstein field equations explicitly in f (T ) field as
cot θ
where the Eq. (19) is used in the Eqs. (16)- (18) and hence we have the following linear form of f (T ) as
where A and B are integration constants.
Class 1 condition of the metric and general solutions
To solve the Eqs. (16)- (18) following Lake (2003) we are choosing a specific form of the metric potential as
where P and E are constants and n < 2.
To obtain a physically acceptable solution of the model, the metric potential e ν must be positive and free from singularity with ν (r) = 0 and also monotonically increasing function with r. From Eq. (21) we can observe that our metric function e ν satisfies all the above conditions which indicates that the choice of the metric potential is physically acceptable.
Now for the spacetime of embedding class 1, Eq. (12) must satisfy the Karmarkar condition (Karmarkar, 1948)
Using the condition expressed in Eq. (22) and also Eq. (12), we have the following equation
where e λ = 1. Solving the differential form given by Eq. (23) and using Eq. (21), we obtain
where F = −4n 2 P EC and C is an integration constant. Now solving Eqs. (16)- (18), (21) and (24) we have the expressions of the energy density (ρ), radial pressure (p r ) and tangential pressure (p t ) given as
The variation of the physical parameters, such as the density, radial pressure and tangential pressure with respect to the radial coordinate r inside the stellar configuration for different values of n are featured in Figs. 2 and 3 . The density (Fig. 2 ) and the pressures (Fig. 3) are maximum at the centre and decreases monotonically inside the stellar system to reach the minimum value at the surface which confirms physical validity of the solutions.
Using Eqs. (26) and (27) , the anisotropy (∆) of the stellar system can be given as
where g = Er 2 + 1 . We find from Fig. 4 that the anisotropy is minimal, i.e., zero at the centre and maximal at the surface as predicted by Deb et al. (2016) .
From our model the radial (ω r ) and tangential (ω t ) equation of state (EOS) parameters are given as The variation of radial EOS (ω r ) and tangential EOS (ω t ) with respect to the radial coordinate r are presented in Fig. 5 .
Boundary Conditions
The exterior spacetime of the star can be described by the Schwarzschild metric, given by
Now to calculate the values of the constants, viz., E, P , C, F and B we match our interior spacetime with the exterior one as given in 31 to get the following equalities
Also for a physically acceptable stellar model the radial pressure must be zero at the boundary, i.e., at r = R we have
Using Eqs. (32)- (35) we have following expressions of the constants E, P , C, F and B given as
Physical Properties of the model
The physical parameters of the anisotropic stellar model are studied in the following subsections.
Energy conditions
The energy conditions, viz., Weak Energy Condition (WEC), Null Energy Condition (NEC), Strong Energy Condition (SEC) and Dominant Energy Condition (DEC) for an anisotropic fluid sphere are hold if and only if the following inequalities are satisfied simultaneously at every points in the interior of the fluid sphere:
Fig. 6 features that our model is consistent with all the energy conditions.
Stability of the model
Now our task is to examine the stability of our proposed model. In the following sections we are going to discuss stability of the stellar model.
Generalized TOV equation
Tolman (1939) , and later on Oppenheimer and Volkoff (1939) suggested that a physically acceptable model must be stable under the three forces, viz., the gravitational force (F g ), the hydrostatic force (F h ) and the anisotropic force (F a ) in such a way that the sum of these three forces becomes zero in equilibrium, i.e.
Now we can construct the generalised Tolman-Oppenheimer-Volkoff (TOV) equation (Varela et al., 2010 ; Ponce de Len, 1993) for our system as
where the gravitational mass within the radius r is represented by M G (r).
Using the Tolman-Whittaker formula (Devitt and Florides, 1989) and also the Einstein field equations, M G (r) can be written in the following form
Putting the value of Eq. (47) in Eq. (46) we have Now from Eqs. (45) and (48), we can write the forces as
where g = Er 2 + 1 . The variation of these three forces with the fractional radial coordinate, however after taking different values of n, for LM C X −4 is shown in Fig. 7 which demonstrates that as the equilibrium of the forces is achieved our system is stable.
Herrera cracking concept
Any stable configuration of an anisotropic fluid distribution must satisfy the condition proposed by Herrera (1992) , known as Herrera's cracking condition. According to this condition the radial sound speed (v sound speeds for our system are given as
From Figs. 8 and 9 we have shown that both the conditions for stability are achieved for our model.
Adiabatic index
The study of the parameter adiabatic index for a compact stellar system is important as it characterizes the stiffness of the equation of state for a given density, which also describes the stability of a compact star (both relativistic or non relativistic). In order to have a stable Newtonian compact star, Heintzmann and Hillebrandt (1975) suggest that the adiabatic index must exceeds 4 3 in all the interior points of the stars. But this condition modifies for relativistic compact stellar model. For our model we have defined the adiabatic index γ r as follows The variation of γ r with the fractional radial coordinate are shown in Fig. 10 . It can be observed that the adiabatic index does satisfy the stability condition (i.e. γ r > 4 3 ).
Compactness and Redshift
The ratio between mass and radius is defined as the compactification factor, u(r). The compactification factor plays an important role for the formation of the core of the compact star and describes how relativistic a star is. To calculate u(r) we found the mass of a compact star as
From the above Eq. (55), it can be observed that the mass function is regular within the star and vanishes at the centre, i.e. at r = 0. Now the compactification factor, u(r), can be obtained as
The variation of the compactification factor with the fractional coordinate is shown in Fig. 11 (left panel) . According to Buchdahl (1959) for any physically valid model we have 2u(R) > for all n satisfies the above condition. Now the surface redshift of the system is
The variation of Z s is shown in Fig. 11 (right panel). 8 Discussion and conclusion
In the present article we have studied a generalized model for static and anisotropic compact stars by reducing a spherically symmetric metric of class 2 into a metric of class 1 by using the Karmarkar condition (Karmarkar, 1948) in the background of f (T )-modified gravity. To this end considering a particular form of metric function e ν = P (1 + Er 2 ) n as presented by Lake (2003) we have determined the metric function e λ by employing the above mnetioned Karmarkar condition. Further, we have solved the EFE for the compact stars and demonstrated our calculations considering the stars LM C X − 4, Cen X − 3 and SM C X − 1 as the representative of compact stars with the suitable choice of the parametric values of n. From the nature of the physical parameters as featured in Figs. 1 to 3 , it is clear that the obtained solution is free from singularity. In the present investigation we have considered a simple linearised form of f (T ) given as f (T ) = AT + B, where A and B are constants.
We get the values of different constants, like P, E, K, C and B after matching the interior metric of class 1 with the exterior Schwarzschilds exterior metric of class 1. We obtained the value of B as zero for our system. We find from our model that for A = 1 modified f (T ) gravity turns into GR and to avoid that situation we have chosen A = 2. In our study we have considered variation of n = 3 to n = 1000. We find that bellow the value n = 3 we are not getting any physically acceptable solution. However, one may note that as value of n approaches infinity the metric potential takes form as e ν = P e , where C 1 = nE. The variation of the metric potentials e ν and e λ with respect to the radial coordinate are shown in Fig. 1 .
In Figs. 2 to 3 we have featured variation of the density, radial and tangential pressure respectively with the radial coordinate. We find that for different values of n they are maximum at the centre and monotonically decreases inside the stellar configuration and approaches minimum value at the surface. The variation of anisotropy with the radial coordinate is also shown in Fig. 4 . We find anisotropy is minimum, i.e., zero at the centre and maximum at the surface as predicted by Deb et al. (2016) . Behaviour of the radial and tangential EOS are also featured in Fig. 5 . In Fig. 6 we have shown that the proposed anisotropic model is satisfying all the inequalities given in Eqs. ( 41)- (44) and hence all the energy conditions are satisfied. To verify the stability of the model we have studied i) generalized TOV equation, ii) Herrera cracking concept and iii) adiabatic index. To study the generalized TOV equation we have shown behaviour of the forces with the radial coordinate r in Fig. 7 and found that for our system sum of the forces is zero for each values of n. In Figs. 8 and 9 variation of the radial and tangential sound speeds and their differences are shown respectively. We found that for our system both the Hererra cracking concept and causality condition are satisfied. From Fig 10 it is clear that γ r < 4/3 and thus it confirms the dynamic stability of the stellar model against the infinitesimal radial adiabatic perturbation. Table 1 . We have also predicted different physical parameters of stellar model, like the central density (ρ c ), surface density (ρ s ) and central pressure (p c ) for different values of n in Table 2 , 3 and'4 for the compact stars LM C X − 4, Cen X − 3 and SM C X − 4 respectively. From Table 2 we find that as the value of n increases the value of the corresponding physical parameter also increases. We have shown behaviour of the redshift and compactification factor with the radial coordinate for different values of n in Fig 11. As a final remark, our proposed stellar model is completely stable and consistent with all the above mentioned physical tests, hence it is suitable to study anisotropic compact stellar system under the framework of f (T )-modified gravity.
